Arboviruses are frequently associated with outbreaks in humans and represent a serious public health problem with economic and social impact. In Brazil, most of the arboviruses causing human disease belong to the Togaviridae (Alphavirus genus) and Flaviviridae (Flavivirus genus) families. Alphaviruses eastern equine encephalitis virus (EEEV), western equine encephalitis virus (WEEV), Aura virus (AURAV), Venezuelan equine encephalitis virus (VEEV, subtype I, variety F), Mucambo virus (MUCV, subtype III), Pixuna virus (PIXV, subtype IV), Mayaro virus (MAYV), Una virus, and flaviviruses dengue virus (DENV, subtypes 1 to 4), Saint Louis encephalitis virus (SLEV), Bussuquara virus (BSQV), Cacipacore virus, Iguape virus, Ilheus virus (ILHV), Rocio virus (ROCV), and yellow fever virus (YFV) have been isolated from mosquitoes, animals, or humans (1, 15, 37) . These arboviruses cause a variety of diseases, such as acute febrile illness, hemorrhagic fever, and encephalitis. The differential clinical diagnosis between arboviruses can be difficult, principally in the acute phase of the infections where symptoms are similar. The diagnosis of arbovirus infection has been done by virus isolation or serological testing. False-negative serological tests in the first days of disease and cross-reaction of antibodies with antigens of viruses belonging to the same genus are common.
To overcome such problems, some reverse transcription-PCR (RT-PCR) assays using species-specific primers have been described for certain alphaviruses (3, 19, 20, 25, 28, 33, 38, 39) and certain flaviviruses (7, 8, 9, 12, 13, 16, 21, 23, 27, 35) . Since there are no specific clinical symptoms for arbovirus infection and different arboviruses are present in the same area, a universal genus-specific diagnosis by RT-PCR would be a useful tool for differential diagnosis of these infections. Although RT-PCR protocols using universal primers for Alphavirus (22, 29, 31) and Flavivirus (2, 5, 10, 14, 17, 22, 26, 30, 32, 36) detection have been developed, a multiplex RT-PCR protocol including the detection of more than one genus in a single PCR has not been performed.
In the present study, genus-specific universal primers were used simultaneously in a duplex RT-PCR (D-RT-PCR) for detection of Alphavirus and Flavivirus isolates collected in Brazil. Based on the amplicons obtained from the first amplification, species-specific primers were selected and tested in multiplex nested PCR (M-N-PCR) and nested PCR (N-PCR) assays for virus identification. These methodologies were validated with both cultured virus and human or animal clinical samples.
MATERIALS AND METHODS
Virus and RNA extraction. The viral strains used in this study were supplied from Evandro Chagas, Adolfo Lutz, and Oswaldo Cruz Institutes in Brazil or the University of Texas or were isolated in our laboratory ( Table 1) . The viruses were propagated by intracerebral inoculation of 1-day-old suckling mice or by C6/36 Aedes albopictus cell cultures as previously described (11, 34) . mouse brain tissue extract infected with Bujaru virus (BUJV) BeAn 47693 (Bunyaviridae; genus Phlebovirus), uninfected cell culture supernatant, and uninfected mouse brain tissue extract were used as negative controls to test the specificity of the assays. Virus RNAs were extracted from 140 l of a 1/20 dilution of mouse brain tissue macerated suspensions or from cell culture supernatant with the QIAamp Viral RNA Mini kit (QIAGEN, Inc.) according to the manufacturer's instructions and yielded a 60-l final volume.
D-RT-PCR primers. Genus-specific primers were selected for annealing in conserved regions of Alphavirus and Flavivirus genomes producing specific PCR products of easily distinguishable sizes. The forward M2W (YAGAGCDTTTT CGCAYSTRGCHW) and reverse cM3W (ACATRAANKGNGTNGTRTCRA ANCCDAYCC) primer set anneals to the nonstructural protein 1 gene of Al-phavirus, producing amplicons of approximately 434 bp (29) . The forward FG1 (TCAAGGAACTCCACACATGAGATGTACT) and reverse FG2 (GTGTCC CATCCTGCTGTGTCATCAGCATACA) primer set anneals to the NS5 gene of Flavivirus, producing amplicons of approximately 958 bp (17) . For the M-N-PCR alphavirus reaction mixture, the reverse cM3W primer (at 100 M) was added simultaneously with the inner specific primers for VEEV, EEEV, WEEV, AURAV, and MAYV (at 50 M). The mixture was subjected to 25 cycles of 94°C for 1 min, 53°C for 1 min, and 72°C for 2 min. A final extension step was carried out at 72°C for 5 min. Analysis of the amplicons was performed as previously described.
N-PCR assays. Since the specific inner primers produce amplicons that are very similar in size, conventional N-PCRs were performed for DENV 4, SLEV, BSQV, ILHV, and ROCV identification. The PCR mixture and cycling conditions were performed as for M-N-PCR flavivirus assays. However, only a single primer pair was added to each reaction mixture (FG1 and the specific primer). Cross-reactivity tests were performed with specific primers and heterologous viruses.
Detection limits of the D-RT-PCR and M-N-PCR assays.
Stock seeds of MAYV and YFV 17D containing 10 6.5 and 10 3.3 50% tissue culture infective doses (TCID 50 )/ml, respectively, were serially (10-fold) diluted in phosphatebuffered saline or in human serum (MAYV only), to mimic viremic serum samples. The RNA was extracted from each virus dilution and submitted to D-RT-PCR and M-N-PCR analyses.
Clinical samples. A total of 97 samples were taken from patients clinically suspected of having arbovirus infection, who had experienced symptoms for Յ5 days. Ninety-four serum samples were obtained from patients from Rio de Janeiro, Roraima, and São Paulo states, Brazil, during DENV epidemics in 2001 and 2003. Three tissue samples were recovered from YFV patients from Goiás state and Brasília, Brazil, in 1999 and 2001. Four other viremic serum samples were recovered from suckling mice experimentally infected with MUCV, EEEV, WEEV, and MAYV. All these samples were previously examined by virus isolation in cell culture or in suckling mice and were identified by virus neutraliza- 
RESULTS

D-RT-PCR assay.
Some relevant RT-PCR parameters, such as primer choice and determination of primer concentration and annealing temperatures were initially optimized to achieve a maximum level of sensitivity and specificity for the D-RT-PCR. Thus, the test showed clearly distinguishable amplicons with specific expected sizes for all tested Alphavirus (434 bp) and Flavivirus (958 bp) isolates; no amplicons were obtained with negative controls (Fig. 1A and 2A) . The D-RT-PCR was capable of detecting MAYV and YFV at levels of 10 3.5 and 10 1.3 TCID 50 /ml, respectively. Primers for virus identification. The 14 specific inner primers used for flavivirus and alphavirus identification by N-PCR assay are described in Table 2 .
M-N-PCR and N-PCR assays.
With the selected specific inner primers, amplicons with predicted and distinct sizes were observed for VEEV (400 bp), EEEV (124 bp), WEEV (208 bp), AURAV (86 bp), and MAYV (270 bp) by the M-N-PCR for alphaviruses (Fig. 1B) . By the M-N-PCR flavivirus assay, amplicons with predicted sizes were observed for DENV 1 (472 bp), DENV 2 (316 bp), DENV 3 (659 bp), and YFV (253 bp), as shown in Fig. 2B . Amplicons with predicted sizes were also observed for DENV 4 (222 bp), SLEV (232 bp), BSQV (388 bp), ILHV (474 bp), and ROCV (230 bp) by N-PCR (Fig.  2C) . Cross-reactivity between specific primers and heterologous viruses in the same genus was not observed, and no amplicons were obtained from negative controls, indicating that these assays were virus species specific. The M-N-PCRs detected virus at levels Ͻ1 TCID 50 /ml for MAYV and YFV. 
DISCUSSION
In Brazil, arboviruses have a wide geographic distribution, produce several diseases, and represent an important health problem. Thus, efficient epidemiologic surveillance programs are necessary to monitor different arbovirus activity in the regions where these arboviruses are endemic or enzootic. These programs should contain viral dissemination and reduce the socioeconomic impact caused by these diseases. For this, fast, sensitive, specific, and low-cost methods of diagnosing arbovirus diseases are important tools. Therefore, we developed a new diagnosis strategy involving two steps: in the first step, two sets of genus-specific primers were used in a multiplex system (D-RT-PCR) for Alphavirus or Flavivirus detection. In the second step, nested assays were used for virus One factor that influences greatly the sensitivity of RT-PCR is RNA extraction. In this study, we used a silica gel membrane spin column (QIAamp Viral RNA Mini kit; QIAGEN, Inc.). In agreement with previous reports, this method offered the technical simplicity, sensitivity, and speed that are essential in this new PCR strategy, as well as being more strongly indicated for alphavirus and flavivirus RNA extraction (6, 22) .
With the D-RT-PCR, a careful choice of primers was critically important to obtain distinct and specific amplification of the part of the virus genome belonging to each of the genera studied. Selection of suboptimal primers is the cause of many undesirable results, such as primer dimer formation, hairpin formation, false-negative or false-positive results, and generation of spurious products (22) . In this study, primer sequences with similar hybridization kinetics, length, and G-C content were selected. In addition, some parameters were optimized, such as the best primer concentrations, to obtain uniform amplification signals of the fragments, and selection of an optimal annealing temperature, to obtain a desired specific product. Furthermore, cross-reactivity of one genus primer with viruses from other genus or lack of reactivity to some strains of a given genus may affect the quality of RT-PCR assays. By using FG1 and FG2 primers, we were able to detect different flaviviruses without cross-reaction with other arboviruses. However, test sensitivity may be adversely affected by mismatches in these primer sequences. These mismatches normally occur because relevant sequence data are not available for multiple sequence alignment to select genus-specific primers (22) . In fact, the FG1 and FG2 primers were selected based on 13 flavivirus sequences that represented only approximately 20% of all flaviviruses (17) . In a recent study, the performance of FG1 and FG2 primers was evaluated, showing good results in the detection of the most common human flaviviruses, despite the fact that these primers did not detect some strains of Japanese encephalitis virus (Nakayama), West Nile virus (E101), and YFV (FNV) (32) . The occurrence of mismatches, some of them close to the 3Ј prime binding site of FG1 and FG2 primers, may explain the lesser efficiency of amplification with these strains and possibly with other flaviviruses. However, all flaviviruses analyzed in the present study, including two YFV strains, had the genome amplified by these primers. Sensitivity of the D-RT-PCR assay was suitable, allowing Alphavirus and Flavivirus detection at 10 3.5 and 10 1.3 TCID 50 / ml, respectively; the presence of human serum did not reduce the test sensitivity. Besides, the D-RT-PCR results were comparable with those for RT-PCR performed for each genus by other authors (29, 32) . M-PCR has been used for the detection of DENV (18) , as well as EEEV, La Crosse virus, and SLEV (24) ; it is as sensitive as the D-RT-PCR developed in this work. However, these studies used species-specific primers, which detect only a few viruses. In contrast, genus-specific primers in a multiplex PCR system are able to diagnosis a larger amount of viruses in a single reaction mixture.
In the N-PCR assays, species-specific primers selected were effective for Brazilian alphavirus and flavivirus identification. The M-N-PCR alphavirus and M-N-PCR flavivirus assays showed amplicons with different sizes that allowed a sensitive and specific diagnosis of each virus. In the N-PCR assays, species-specific primers selected were effective for Brazilian alphavirus and flavivirus identification. However, to select these virus-specific primers, we only used sequence data obtained from strains isolated in Brazil. Viruses of different genotypes can come from other geographical areas, principally from other areas in the Americas where arbovirus is endemic, causing outbreaks of the disease. In these cases, the primers must be able to identify the viruses with high efficiency. Especially in the case of DENV-specific primers, some mismatches were observed when these primers were aligned with homologous virus sequences from other geographical areas obtained from the GenBank database. This can produce false-negative results and decrease the test sensitivity. In some cases, the optimization of annealing temperatures can allow a primer with some mismatched bases to bind efficiently. In this study, a suitable annealing temperature allowed a successful amplification of viral isolates incorporating up to three mismatches (the nden2 primer with DENV strains). Nevertheless, other viral strains may contain additional mismatches that may affect primer annealing and amplification. In these cases, further studies are necessary to evaluate the efficiency of our selected primers; if necessary, new species-specific primers should be created to identify distinct viruses from other geographical areas.
Results obtained by D-RT-PCR and M-N-PCR were compared to those obtained by virus isolation with clinical samples submitted to analysis by both methods. The D-RT-PCR was able to detect and to classify different arboviruses isolated in Brazil from clinical samples into Alphavirus and Flavivirus genera. The assay showed 64% sensitivity when compared to virus isolation. This low sensitivity could be explained by the previous storage conditions of the samples analyzed by D-RT-PCR. These samples were obtained from reference laboratories like the Evandro Chagas and Oswaldo Cruz Institutes, where they were collected and processed for virus isolation on the same day and thereafter stored for a long time (more than 3 years), some of them at temperatures of Ϫ20°C. In addition, these samples were thawed two or more times for use by other researchers. These inadequate storage conditions could have led to the loss of RNA integrity with consequent reduction of D-RT-PCR sensitivity. Further studies submitting fresh sam- ples to multiple freezing and thawing procedures, followed by arbovirus detection, could be performed to check the effects of these adverse conditions on virus isolation and on D-RT-PCR. On the other hand, the limit of detection obtained for Flavivirus isolates (10 1.3 TCID 50 /ml) suggests that D-RT-PCR should be at least as sensitive as virus isolation.
The arboviruses detected in the clinical samples by D-RT-PCR were successfully identified at the species level by the M-N-PCRs (M-N-PCR alphavirus or M-N-PCR flavivirus assay). The apparently false-positive sample, which was negative by virus isolation and which had DENV 2 detected by M-N-PCR flavivirus assay, suggests that although virus infectivity was compromised, viral RNA could still be detected. Other studies show that the virus genome can be amplified even after virus neutralization by antibodies (6) .
The strategy using D-RT-PCR, followed by M-N-PCR or N-PCR, was sensitive, specific, fast, and easy to perform (the test can be realized in 8 h, and multiple samples can be tested simultaneously with minimal technical effort). Furthermore, this methodology presents some advantages when compared to the conventional methods of RT-PCR. (i) The use of genusspecific primers for initial amplification allows the detention of all members of each genus, including virus for which diagnosis is still nonroutine, besides being useful for detecting a new related virus. (ii) This first multiplex PCR can detect a range of possible etiologic agents and make a previous genus classification, reducing the time and the cost of successive tests for virus identification. (iii) The use of species-specific primers in a system of multiplex PCR or N-PCR assays improves the relatively low sensitivity of single-round PCR and allows the specific identification of each virus, providing important information for both epidemiological analysis and evolutionary studies. (iv) Multiplex PCR methods are less laborious and more economical than single PCRs. (v) In cases of nonspecific clinical symptoms of arbovirus infection, this methodology offers the potential for very rapid detection with a single clinical sample against a large number of potential pathogens. In short, this diagnosis strategy can be used as a reliable alternative for routine diagnostic and epidemiological surveillance of arboviruses isolated in Brazil.
